Introduction
IgA nephropathy (IgAN) is the most common form of GN worldwide, comprising 45% of all primary GN cases (1, 2) . Many studies report that 30%-40% of patients with IgAN reach ESRD within 20 years from apparent disease onset, underscoring that IgAN is not a benign condition (2) (3) (4) .
In most cases, initial manifestations of IgAN are recurrent episodes of gross hematuria that usually arise after upper respiratory tract infections and asymptomatic microscopic hematuria with or without mild proteinuria. Fewer than 10% of patients present with uncommon features such as ARF or nephrotic syndrome (NS) (5, 6) . In particular, NS occurs in only 5% of all patients with IgAN (2) . Because IgAN is a slowly progressive type of GN and most patients exhibit normal kidney function at the time of diagnosis, nephrotic range proteinuria is usually indicative of severe glomerular damage in advanced decompensated kidney failure (7) . Conversely, clinical features of NS, such as heavy proteinuria, generalized edema, and hypoalbuminemia, can be observed in some patients with normal kidney function. This rare condition is reported to behave similarly to minimal change disease (MCD) (8, 9) . Accordingly, corticosteroids are often prescribed for IgAN patients with NS because of the favorable steroid responsiveness in MCD (9) (10) (11) . Most studies regarding this unusual condition were published more than two decades ago. In addition, not all cases of NS in IgAN are caused by MCD, and corticosteroid therapy does not always lead to the resolution of heavy proteinuria (12) (13) (14) . Furthermore, we found that spontaneous remission (SR) of NS in IgAN was common in a recent study (14) . However, we were unable to identify factors associated with SR in our single-center study because of the small number of patients in our sample. To address these issues, we conducted a multicenter, retrospective, observational study of 1076 patients with biopsy-proven IgAN. The aims of this study were to examine the clinical features and long-term outcome of IgAN with NS, and to delineate factors associated with SR among NS patients.
Materials and Methods

Patients
The study sample comprised 1076 patients with biopsy-proven IgAN who were recruited between Departments of *Internal Medicine and January 2000 and September 2010 from four medical centers in Korea. All patients had definite pathologic data with predominant mesangial deposition of IgA with at least 1+ on immunofluorescent staining and electron-dense deposits within the mesangium detected by electron microscopy. Exclusion criteria were as follows: aged ,18 years (n=26); crescentic GN (n=2); follow-up duration ,6 months (n=15); estimated GFR (eGFR) ,30 ml/min per 1.73 m 2 (n=29); malignancy (n=3); systemic inflammation, such as Henoch-Schönlein purpura (n=6); or chronic advanced liver disease (n=10).
Data Collection
Using medical records, demographic and clinical data were reviewed retrospectively for age, sex, medical history, presenting symptoms, medications, follow-up duration, time to remission of NS, time to doubling of the baseline serum creatinine levels and ESRD, and responsiveness to treatment. Laboratory data included 24-hour urinary protein excretion, urinary protein-to-creatinine ratio (UPCR), and serum creatinine, albumin, and total cholesterol levels. The eGFR was calculated using the four-variable Modification of Diet in Renal Disease study equation (15).
Data for baseline 24-hour urinary protein excretion were available for all 100 patients with NS and for 469 patients with non-NS and UPCR .1.0. Among the remaining 416 patients with non-NS and UPCR #1.0, 238 underwent 24-hour urine collection 52.5614.2 days after diagnosis. However, 178 patients (18.1%) with UPCR #0.5 did not have 24-hour urine collection data. Therefore, data for 24-hour proteinuria were available for 807 patients (81.9%).
Renal pathology data included information on the number of glomeruli and the presence of global or segmental sclerosis, foot process effacement, mesangial hypercellularity, endocapillary proliferation, tubular atrophy, and interstitial fibrosis. All cases were graded using the Haas (16) and the Oxford classification systems (17) .
Definitions
The definitions for each term in this study were identical to definitions used in our previous study (14) . NS was defined as the presence of generalized edema, heavy proteinuria of .3.5 g/d, hypoalbuminemia ,3.5 g/dl, and/or hypercholesterolemia. Complete remission (CR) was defined as the absence of proteinuria (UPCR ,0.3 g/g) along with the disappearance of edema, normalization of all biochemical findings, and lack of worsening of renal function. SR was used to indicate CR of NS without the use of corticosteroids or other immunosuppressive agents. Partial remission (PR) was defined as a .50% reduction in proteinuria from baseline to ,3.5 g/d. No response (NR) was defined as a ,50% reduction in proteinuria or an increase in proteinuria with or without renal deterioration. Relapse was defined as the reappearance of significant proteinuria, defined as .1.0 g/d and/or .3+ urinary albumin by the dipstick test.
Study Endpoints
The primary outcome was a doubling of the baseline serum creatinine concentration; secondary outcomes included ESRD and death. A doubling of serum creatinine levels was defined as a sustained, greater than two-fold increase in serum creatinine levels for at least three consecutive measurements.
Statistical Analyses
Variables with normal distributions were expressed as mean 6 SD and were compared using the t test or oneway ANOVA. Kolmogorov-Smirnov tests were used to analyze the normality of the distribution of parameters. Nonparametric variables were expressed as median with range and compared using the Mann-Whitney test or Kruskal-Wallis test. Categorical variables were expressed as percentages and compared using the chi-squared test. Cumulative survival curves were derived using the KaplanMeier method, and differences between survival curves were compared using the log-rank test. Five patients who were lost to follow-up were considered "censored" in the analyses. A Cox proportional hazards model was used to identify independent factors for the development of primary or secondary endpoints and SR. Statistical significance was determined as P,0.05. SPSS software (version 15.0; SPSS Inc, Chicago, IL) was used for all statistical analyses.
Results
Baseline Characteristics
A flow diagram describing the patient sample and exclusions is shown in Figure 1 . Baseline characteristics of the 985 patients who met the inclusion criteria are shown in Table 1 . Among these patients, NS occurred in 100 (10.2%), with 93 having generalized edema as the first presenting symptom and undergoing renal biopsy within an average of 7 days of symptom onset (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) . The remaining seven patients initially had microscopic hematuria with minimal proteinuria (UPCR # 0.5 g/g) but presented with acute NS onset during follow-up. Of these patients, four underwent renal biopsy at NS onset, whereas biopsies were performed in the other three patients at 408, 983, and 1021 days before NS development.
There were 13 patients who had a UPCR .3.0 g/g in the non-NS group. Among them, three patients had a proteinuria .3.0 g/d (but ,3.5 g/d). They were categorized as non-NS because they did not exhibit other NS features such as hypoalbuminemia, edema, or hypercholesterolemia. We also confirmed that nephrotic proteinuria was not ascribed to hypertensive nephrosclerosis because BP was well controlled in 20 patients with a prior history of hypertension and pathologic findings suggesting that hypertensive nephrosclerosis were not found in all NS patients.
Although hyperlipidemia is common in NS, not all patients with NS have hyperlipidemia as previously suggested (18) . In our study, only six patients with NS (6%) had total cholesterol levels ,200 mg/dl. However, they had edema and hypoalbuminemia and thus were considered to have NS. Table 2 shows the clinical features of patients with IgAN with NS according to clinical response. CR was achieved in 48 patients (48%) and PR in 32 patients (32%). However, 20 patients (20%) exhibited minimal response or disease progression (NR).
Clinical Features of Patients with NS According to Clinical Response
Among patients with NS, 24 (24%) achieved SR without the use of corticosteroids. In these patients, corticosteroids were not immediately administered because rapid and continuous reductions in proteinuria (.50%) occurred after NS onset. In addition, some had uncontrolled diabetes (n=2), gastric ulcers (n=2), pulmonary tuberculosis (n=1), severe osteoporosis (n=2), or hepatitis B infections (n=1). Six patients in the PR group and five in the NR group did not receive corticosteroids because of uncontrolled diabetes (n=1, PR), gastric ulcers with bleeding (n=1, PR), hepatitis B infections (n=2, PR; n=4, NR), or disagreement over the use of steroid treatment (n=2, PR; n=1, NR).
As shown in Table 2 , no significant differences in sex, age, BP, serum creatinine levels, or 24-hour proteinuria were observed among the four subgroups. However, class I or II lesions according to the Haas classification were more common in patients with CR than in those with PR or NR (P=0.001), whereas SR occurred in all subclasses of IgAN (Supplemental Table 1 ).
Long-Term Clinical Outcomes
During the median follow-up of 45.2 months (range, 9.0-134.6), 24 patients (24%) in the NS group reached the primary endpoint compared with 63 (7.1%) in the non-NS group (P,0.001). In addition, 11 patients (11.0%) in the NS group progressed to ESRD and two (2.0%) died, compared with 33 (3.7%) with ESRD and 8 (0.9%) deaths in the non-NS group (P,0.001) (Figures 1 and 2A) . Increased risks of primary and secondary outcomes were consistently observed for the NS group by different multivariate analysis models (Supplemental Table 2 ).
As shown in Table 3 and Figure 2B , in NS patients, the risk of reaching the primary endpoint was significantly higher in the PR group (hazard ratio [HR], 14.49; 95% confidence interval [CI], 1.14-183.76; P=0.04) and NR group (HR, 215; 95% CI, 15-2983; P,0.001) than in the CR group. In addition, nine patients in the NR group reached ESRD compared with two in the PR group (HR, 7.14; 95% CI, 2.61-19.48; P,0.001), whereas ESRD did not occur in the CR group (Supplemental Table 3 ). When we re-analyzed the data using an eGFR cutoff of ,60 ml/min per 1.73 m 2 instead of serum creatinine #1.2 mg/dl, the results of these two analyses were similar (Supplemental Table 4 ). Because of concerns about lower eGFR in female patients for the same creatinine levels compared with male patients, we tested an interaction between sex and eGFR. However, there was no significant interaction between the two variables (data not shown).
Interestingly, no patients with SR reached the primary or secondary endpoints (Supplemental Table 3 ). SR occurred mainly within 6 months after NS onset. The median times to SR and .50% reduction in proteinuria were 154 and 52 days, respectively. Only two patients (8.3%) in the SR group experienced relapse of NS, compared with 11 (45.8%) in the immunosuppressive agent group (P,0.001). Of the two relapsed patients in the SR group, one re-entered SR after 6 months without corticosteroids, whereas the other exhibited a spontaneous decrease in proteinuria shortly after the relapse with a UPCR of 1.49 g/g at the final visit.
Clinical Predictors of SR or CR in NS Patients with IgAN
We further investigated the factors associated with SR of NS in patients with IgAN. A .50% decrease in proteinuria within 3 months after NS onset (HR, 8.37; 95% CI, 3.12-22.40; P,0.001), serum creatinine #1.2 mg/dl (HR, 4.85; 95% CI, 1.21-19.39; P=0.02), and female sex (HR, 3.81; 95% CI, 1.39-10.45; P=0.009) were associated with a significantly increased likelihood of SR in multivariate Cox regression analysis adjusted for age, mean arterial pressure, and pathologic findings (Table 4) .
We also examined factors associated with all CR (achieved by immunosuppressive agents or conservative treatment only). In addition to a .50% decrease in proteinuria within 3 months, more favorable histologic findings by both Haas and Oxford classification were associated with CR (Supplemental Table 5 ).
Discussion
To date, NS has not been well characterized in patients with IgAN. Most previous studies involved only small numbers of patients with MCD-like features who had minimal histologic lesions and normal renal function (8, 19) . All data are expressed as mean 6 SD and median (range). UPCR, urinary protein-to-creatinine ratio; SCr, serum creatinine; eGFR, estimated GFR; ACEi, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor blocker. All data are expressed as mean 6 SD or median (range). UPCR, urinary protein-to-creatinine ratio; SCr, serum creatinine; eGFR, estimated GFR; -,
The presenting symptoms were recorded at the first hospital visit. Generalized edema was not present initially in seven patients, but they had acute onset of NS during follow-up. In fact, they
showed generalized edema when NS occurred.
Accordingly, corticosteroids were commonly prescribed, with most patients responding well to this treatment. However, NS may occur in any subclass of IgAN and corticosteroids do not consistently result in complete resolution of heavy proteinuria (11, 13, 14, 20) . These findings suggest that MCD is not entirely responsible for the development of NS in patients with IgAN. In this study, we conducted an in-depth review of more than 1000 cases of IgAN from four tertiary medical centers in Korea, and recruited 100 patients who had NS features. To our knowledge, our study reports the largest sample of patients with this rare condition to date. One major finding in this study was that the prognosis of NS in patients with IgAN was not superior to that of patients with classic IgAN. However, this finding should be interpreted with caution because most patients who reached the study endpoint were in the NR group. In fact, only two patients in the CR group reached the primary outcome without developing ESRD. Renal survival in this group was excellent, with a 7-year survival of 95.8% (Figure 2 ). In addition, we note that patients who attained PR also had favorable outcomes. In these patients, the risk reduction for the primary outcome was much greater than those in the NR group. The importance of PR has been suggested for various glomerulopathies (1, 21, 22) . In particular, Reich et al. indicated that patients with IgAN who initially presented with proteinuria .3 g/d and achieved PR (,1 g/d) had similar outcomes to patients with persistent proteinuria of ,1 g/d during follow-up and also had superior prognoses to patients who never achieved remission (1). However, that study included all patients with IgAN irrespective of kidney function, even those with serum creatinine concentrations up to 8.31 mg/dl. In addition, whether patients with NS were included is uncertain. Therefore, heavy proteinuria in some of the included patients was presumably because of advanced kidney disease from IgAN per se. In contrast, we included only patients who had typical features of NS with eGFR $30 ml/min per 1.73 m 2 . This unique subgroup of patients should be analyzed separately because few studies outline the therapeutic implications of this rare condition, although corticosteroids appeared to be favored with inconsistent results (9, 11, 13, 20) , Nevertheless, our findings are in line with those of previous studies suggesting the importance of remission, whether complete or partial, to improve renal outcomes.
Another valuable finding of our study was that SR was more common than expected, with 24% of NS patients experiencing SR. More than 20 years after the publication of two case reports of SR in NS with IgAN (23,24), we recently reported that 5 (20.8%) of 24 patients with IgAN presenting with NS entered SR shortly after NS onset (14) . However, this was a single-center study with a limited number of patients. The results presented here were derived from a larger sample of patients, allowing comprehensive analyses to characterize these patients and to identify factors associated with SR. Our results support our earlier findings that SR was common, with many SR patients exhibiting spontaneous decreases in proteinuria within 1-3 months after NS onset. All patients with SR had excellent outcomes without progression.
Interestingly, in this study, SR occurred irrespective of IgAN subclass, which we had observed in our earlier study (14) . For example, 11 patients who had a Haas classification of IV or V experienced SR. The pathologic findings in these patients did not correspond with the definition of MCD. Moreover, diffusely effaced foot processes, which are a typical feature of MCD, were observed in only 45.8% of patients. These findings suggest that MCD cannot explain all cases of IgAN with NS. As suggested previously, nephrotic range proteinuria in patients with IgAN might be caused by other forms of NS or accompanying GN (6, 14) .
Several shortcomings of this study should be discussed. First, no consensus exists regarding whether NS in IgAN is an MCD with incidental IgA deposition or a true IgAN. However, the results of several studies suggest that the former is more likely when biopsy findings show a class I lesion by the Haas classification, diffuse foot process effacement, and trace or approximately 1+ IgA deposition (10, 25) . This study included only four patients who met these criteria. Although they were excluded from the analyses, our results remained unaltered (data not shown). In addition, concomitant C3 deposition was found in 91 patients (91%) with NS (Supplemental Table 1 ). Because C3 deposition is commonly found in IgAN (26) , together these findings favor a diagnosis of true IgAN for our study participants. Second, although most previous studies recommended corticosteroid therapy as used for MCD (27) , our observational study had no preset indications for treating NS in patients with IgAN. Accordingly, treatment differed depending on individual physician preferences. Therefore, worse outcomes in patients with NR might be attributed to relatively shorter durations of corticosteroid therapy or early treatment discontinuation. Nevertheless, NR patients exhibited no signs of improvement despite receiving corticosteroids for at least 3 months. Considering the inconsistent results from several studies regarding steroid responsiveness in patients with IgAN complicated by NS (9, 11, 13, 20) , a more well designed, prospective, randomized, controlled study is required to address this unresolved issue. Third, as mentioned in our previous study, because most NS patients were treated with reninangiotensin system (RAS) blockers, the identification of SR may be technically inaccurate. However, complete disappearance of heavy proteinuria is very unlikely to be achieved by RAS blocker treatment alone because RAS blockers decrease proteinuria by 30%-40% from baseline at best, with a varying extent of decrease (28, 29) . Fourth, the median observation period of this study was 45.2 months (range, 9.0-134.6). Therefore, we were unable to determine if patients in remission had favorable long-term outcomes. However, two patients who achieved CR after corticosteroid therapy developed a two-fold increase in serum creatinine levels at 7.7 and 9.0 years after the first remission. Given the very slow development of IgAN, a longer period of observation is required to validate our findings. Fifth, our results may not be extrapolated to other ethnic populations because a prior study suggested a geographical variability in long-term outcomes of IgAN (30) . Finally, there were many covariates in some multivariate models. However, these are previously known to be strongly associated with outcomes, and thus were included in the models to confirm our findings.
In conclusion, we demonstrated that IgAN patients with NS had worse renal outcomes than did those without NS. At the very least, PR should be achieved to delay the progression of kidney disease, because patients who underwent remission had far better outcomes than patients who never achieved remission. These findings suggest that achieving remission, whether complete or partial, is of paramount importance in heavily proteinuric patients to improve renal survival, irrespective of glomerular disease type. In addition, SR of NS is common, particularly in patients with a spontaneous substantial decrease in proteinuria shortly after NS onset, and with preserved kidney function. Our novel findings may have therapeutic implications for the management of NS in patients with IgAN.
